Our sample chamber ( Fig. S1 ) allows heat capacity and magnetization measurements to be performed on the same sample. The substrate consists of Grafoil (exfoliated graphite) discs, diffusion bonded to silver foils, which are in turn diffusion bonded to a silver thermal readout of the sample temperature.
readout of the sample temperature.
The cold plate is connected to the copper nuclear demagnetization stage via a zinc superconducting heat switch. A typical minimum temperature of this assembly is 300 µK.
Heat capacity measurements are made by the standard adiabatic method.
The 3 He magnetization is measured on the same sample by field-swept continuous wave NMR. The static field is B = 28 mT, and the field modulation is typically ± 0.5 mT.
The area under the NMR line is numerically integrated to infer the 3 He nuclear magnetization. NMR selectively and directly measures the 3 He magnetization, M, so no background subtraction is necessary.
It is important to clarify the property that NMR measures: this is the total magnetic moment of the 3 He sample in the chosen static applied field. For fluid samples and paramagnetic solid samples M/B simply determines the nuclear magnetic susceptibility. As a further example, consider a 2D solid sample, with Heisenberg nearest-neighbor ferromagnetic exchange J. The magnetization will follow a Curie-Weiss law at T>>J (so again M/B determines the magnetic susceptibility). For T<<J the magnetization will approach that of a fully spin-polarized sample (a 2D magnet with Heisenberg exchange is not expected to exhibit long range order at finite T). For T<J, in such a 2D sample, M(T) is described by 2D spin wave theory with, in general, a field-dependent Zeeman gap and a finite size cut-off. In a separate series of experiments (2), we have determined the finite size effect in 2D solid 3 He on graphite and found it to be negligible. In that work the measurements of M(T) were fully consistent with 2D spin-wave theory for a 2D triangular lattice with frustrated atomic ring exchange. Note also that the nuclear Zeeman energy in 28 mT is of order 50 µK, while typical exchange energies are several mK.
This experiment relies on the known properties of helium adsorbed on graphite. We pre-plate with a bi-layer of 4 
Frustrated magnetism of Mott insulator (effective exchange parameter J c )
A full analysis of the properties of the bi-layer film at coverages above 9.9 nm -2 will be published elsewhere. To provide context for the results of the present report, we provide a brief summary here of the essential details.
At coverages above 9.9 nm -2 , the layer L1 is a uniform Mott insulator, a 2D solid of 3 He atoms on a triangular lattice. The Mott insulator is a frustrated 2D magnet. It is established that exchange in such a system is described by atomic ring exchange processes The physical origin of this excess heat capacity is not established with certainty.
Weakly temperature dependent heat capacities have been observed in 3 He adsorbed on heterogeneous substrates such as Vycor (12) , and interpreted in terms of a glassy solid of localized spins with a logarithmic distribution of exchange interactions J min < J < J max . Thus, in the case of the exfoliated Grafoil substrate, the β term may be related to 3 He atoms localized by weak substrate heterogeneity (steps and edges on surface). However, given the observed coverage dependence, an intrinsic origin of β cannot be conclusively ruled out.
For completeness the heat capacity data for coverages in the range 4.0 to 7.5 nm -2 are shown in Fig. S5 . Coverages 7.0 and 7.5 nm -2 were measured over a slightly wider temperature range, and these data are shown in Fig. 2A . procedures, we find n c = 9.88 ± 0.12 nm -2 (quoted as 9.9 ± 0.1 nm -2 in the main body of the paper).
The value of the heat capacity maximum (Table S1 ) is read directly from the data. As described in the paper, T 0 can be fit by a power law in 1 / c n n δ = − . The exponent depends on the assumed value of n c , and the quoted uncertainty (Fig. 3, caption) reflects this.
On the other hand, both the value and the coverage dependence of the "pseudogap" ∆ depend strongly on the fitting procedure. With fit procedure (i), fits to data T<T 0 only, ∆ appears to extrapolate to zero at a coverage in the vicinity of 9.2 nm -2 . This is the coverage which magnetization measurements mark as the boundary of the "intervening phase". [The value of ∆ extracted from data at 9.25 nm -2 is in reasonable agreement with this
conclusion.] In this case the coverage dependence of ∆ is inconsistent with a power law dependence on δ. If, however, we use fit function (ii) and fit the heat capacity data over the entire temperature range, the inferred ∆ are consistent with σ δ ∆ ∝ and σ = 2.5 ± 0.2 Table S1 . Parameters extracted from "LT" fits to heat capacity, and T 0 Table S2 . Parameters extracted from "extended" fits to heat capacity.
(taking n c = 9.9 ± 0.1 nm -2 ). However a collapse of ∆ to zero at finite δ cannot be ruled out in this case either.
The complete set of fit parameters is given in Tables S1 and S2 .
Entropy. The total entropy is determined by a numerical integration of [ ]
. Fig.   S8 shows the entropy, in units of k B ln2, normalized by the total number of 3 He atoms in layer L1.
We find an entropy per particle of order k B ln2, for coverages in the range 8.0 to 9.0 nm -2 . This is consistent with the usual picture of heavy fermion systems in which the high quasiparticle mass at low temperatures arises from the conversion of the spin entropy of the almost localized electronic moments (13) . In the present case, the entropy arises from the nuclear spins of the 3 He atoms in L1.
Magnetization data
For a Landau-Fermi liquid the enhancement of the temperature-independent Pauli susceptibility relative to the ideal Fermi gas value is 
is the Fermi temperature of an ideal Fermi gas. However in the bi-layer system we find that the onset of spin degeneracy is governed by T 0 rather than T F **. For example at 9.0 nm -2 , T F ** = 60 mK (using the parameters of the heavy fermion state at T<<T 0 ), while T 0 = 12 mK.
Intervening phase
Reliable quantitative analysis of heat capacity data at temperatures below the low temperature maximum at coverages 9.35 to 9.85 nm -2 in the intervening phase is not possible at this time, and requires higher precision data.
The nature of this phase is not understood. It is interesting to note that the onset of this phase closely corresponds to a cross-over in energy scales: T 0 , characterizing interlayer exchange, with J c , characterizing intralayer exchange. We speculate that the onset of the "intervening phase" at n I = 9.2 nm -2 marks the breaking of translational symmetry in L1. In this scenario, at coverages just below n c = 9.9 nm -2 , L1 is a hole-doped Mott insulator, while the existence of a non-uniform phase cannot be ruled out at coverages near n I = 9.2 nm -2 .
Near n c , the quantum fluctuations of this phase may involve coupled vacancies in L1
and particles in L2. Clearly, further investigation of the quantum phase transition at n I is desirable, and we believe that NMR studies of the spin-dynamics should prove fruitful.
